This study set out to assess the effect of non-pharmacological conservative (NPC) interventions as alternatives to antiepileptic pharmacotherapy. A prospective follow-up cohort study was conducted in an outpatient seizure clinic of a referral center for epilepsy. Twenty-five patients (nine males, 16 females) aged 16-45, with at least two well-described epileptic seizures, were included who had rejected antiepileptic pharmacotherapy. Twelve had idiopathic generalized epilepsy, 11 had symptomatic or cryptogenic localization-related epilepsy, and two had epilepsy with generalized and focal signs. Twenty-three of the patients were followed for more than 2 years. The patients were treated with arrest after focal seizure onset (2 cases), sensory protection against reflex seizures (3 cases), avoidance of non-specific seizure-precipitating factors ('life hygiene', 16 cases), and/or miscellaneous interventions (8 cases). The main outcome measures were complete seizure control (more than 2 years) or sufficient improvement to continue with NPC treatment alone. Eight of the 23 patients were completely seizure free for more than 4 years, and three were sufficiently improved to continue NPC treatment without drugs. Trends were observed for patients with idiopathic generalized epilepsies with less than seven convulsive seizures, and with only one seizure type to respond better to NPC treatment. The duration of epilepsy, and the finding of generalized epileptiform discharge in the EEG had no influence on the outcome. Rational NPC treatments which are aimed at specific factors in the precipitation and development of epileptic seizures can be useful therapeutic alternatives for patients with milder forms of epilepsy. Apart from photosensitive patients, those most likely to profit are patients with idiopathic generalized epilepsy, a maximum of six generalized tonic-clonic seizures which were precipitated by lack of sleep or excessive alcohol intake, and with no or rare concomitant absences. In such cases, NPC treatment may be as effective as pharmacotherapy and gives the patient a positive experience of regained self-control.
Introduction
Usually, epilepsy is treated with antiepileptic drugs (AEDs), and drug-resistant seizures may be accessible to brain surgery. There is, however, a minority of patients who are opposed to both pharmacological and operative treatment but do seek medical advice. For these, alternative methods based on rational principles should be available. Even if it is difficult to find objective controlled data quantifying or documenting the effectiveness of such approaches 1 , these seem traditionally to belong to one of the following four categories:
-Arrest of incipient focal seizures.
-Control of specific provocative factors in reflex epilepsies.
-Control of non-specific factors increasing seizure susceptibility.
-Miscellaneous.
Recently, ketogenic diet has been added to this list but is not discussed here.
Arrest of incipient focal seizures is a time-honoured therapeutic approach which was prominent in periods of insufficient therapeutic means. It was recently reviewed, and its neurophysiological basis discussed by Wolf 2 . An important and detailed report of a patient successfully treated by sensory aura interruption without AEDs was given by Efron 3, 4 .
Control of defined specific provocative stimuli in 'reflex epilepsies' as a therapeutic means was the subject of a monograph by Forster 5 but has not been comprehensively reviewed since then. Photosensitivity is the most well-known type of sensory seizure precipitation, and today, television seems to be the most common environmental stimulus 6 . Non-pharmacological approaches include avoidance or modification of the precipitating stimuli, e.g. to watch TV from a distance in a well-lit room and to use small, colour TV screens. Dark 1 , and especially blue 7 or polarized 8 lenses reduce the effect of intermittent light stimuli, and the patients can be advised to wear such lenses in brightly lit surroundings. Forster 5 stimulated photosensitive patients continuously at a subthreshold intensity and then gradually increased the intensity. When this was done slowly in small steps, the original threshold could be safely exceeded. This 'desensitization' program, however, was time-consuming, needed frequent reinforcement, and seems not to have been replicated.
Forster has also designed desensitization programs for various other types of reflex epilepsy, and these may open possibilities for individual counselling and tailored interventions 9 .
Non-specific factors increasing seizure susceptibility are more difficult to assess. Servit et al. 10 identified, in approximately 40% of a group of 895 adult patients, one or more activating or inhibitory stimuli which substantially influenced the number of attacks. These comprised both specific and non-specific stimuli. Aird 11 studied the importance of non-specific seizure-inducing factors in 500 patients with refractory epilepsy, and developed methods for their regulation. He found that such factors played a significant role for improvement of the condition. In 17% of drugrefractory patients, they seemed to be of crucial importance in achieving seizure control. Verduyn et al. 12 retrospectively surveyed mothers' impressions of seizure precipitants in 446 children with epilepsy, and found that they recognized some precipitating factor in 90% of the children. However, the true importance of such factors is difficult to confirm, and neither overestimation nor underestimation can be ruled out.
Disturbances of the circadian sleep-wake cycle, especially sleep deprivation, are probably the most common non-specific precipitating factor, especially in patients with idiopathic generalized epilepsies (IGEs) 1, 13 . Disciplined adoption of a regular sleepwake schedule is therefore a matter of a 'lifestyle hygiene' necessary for these patients, and needs to be addressed as a part of their therapeutic regimen 14 . In established epilepsy, the influence of this factor on therapeutic outcome has never been subject to any specific investigation whereas it has been shown to significantly decrease the risk of recurrence after a first seizure 15 .
Excessive alcohol intake is another well-known nonspecific factor increasing seizure susceptibility. While some authors advocate complete abstinence from alcohol in patients with epilepsy, others allow small to moderate amounts 1 .
According to Fenwick 16 , epileptic seizures should not be thought of as arising randomly, and the patients should be helped to see the way in which their seizures are intimately related to what they are feeling, doing or thinking. In the beliefs of patients themselves and their relatives, emotional reactions and distress are the most common precipitating factors of seizures. Although difficult to assess, there is little doubt that psychological and physical distress may increase the likelihood of epileptic seizures in patients who have no evidence of experiencing any pseudoseizures 1 . According to Servit et al. 10 , the greatest seizure activating effect was produced by neurotogenic or conflicting situations which increased the seizure frequency in 22% of their patients. The few attempts which have been undertaken to use these observations for therapeutic purposes have been reviewed by Dahl 17 and Fenwick 16 .
Miscellaneous attempts to develop alternative therapies include approaches like homeopathy, acupuncture or aromatherapy. Only the last-mentioned of these seems to have been subjected to a systematic study 18 .
The majority of reports in this field deal with nonpharmacological treatment as an addition to pharmacological treatment. In principle, however, if these are active therapeutic methods, they should also be effective when they are used alone.
This study reports on 25 patients with epilepsy who asked for medical advice, decided against continuous pharmacotherapy, attempted to gain control of their seizures with non-pharmacological methods, and were followed prospectively.
Materials and methods
Since 1986, all ambulatory patients with an unequivocal diagnosis of epilepsy were prospectively collected and followed who, in spite of an existing indication for antiepileptic drug (AED) treatment, objected to regular pharmacotherapy, and with whom it was agreed to try non-pharmaceutical conservative (NPC) treatment. Both patients who never had been treated with AEDs, and those who had given up previous pharmacotherapy were included. Epilepsy was defined as a condition with at least two epileptic seizures ascertained by an unequivocal seizure description. Patients that were seen because of a first seizure were not included even if they had suffered a relapse between the first seizure and the time when they were first seen. These patients are included in a different prospective cohort 19 .
The present study assessed the outcome of NPC treatment in all patients who have been followed for at least 2 years. The NPC treatments applied comprised the following:
-'Seizure arrest', i.e. application of interruptive countermeasures for focal-onset seizures.
-'Sensory protection', i.e. rules of protection against specific precipitating stimuli in reflex epilepsy. In the patients with television-provoked seizures and photosensitivity demonstrated in the EEG, these comprised detailed counselling about television viewing, and the prescription of dark lenses the effect of which was controlled by an EEG with photic stimulation.
-'Life hygiene', i.e. avoidance on non-specific precipitating factors such as irregular sleep and more than minimal alcohol intake. These general rules of hygiene were occasionally supplemented with specific advice according to individually identified factors.
-'Miscellaneous', i.e. individual methods of different types. They are specified under 'results'. Table 1 gives an overview of the demographic and epilepsy data of the 25 patients and the treatment which they received. At follow-up, 17 patients were still in regular treatment at our clinic, the remaining eight were in the care of other doctors who did not always follow the same therapeutic route.
Of the 25 patients, 12 had a diagnosis from the group of idiopathic generalized epilepsies (IGE), 11 of symptomatic or cryptogenic localization-related epilepsy (LRE), and two had epilepsies with both generalized and focal features (G/FE).
The records of all 25 patients were reviewed on 15 September 1997, and their treatment status assessed. Those who had not been seen during the preceding 12 months were contacted by mail with a questionnaire, followed by a phone call if there was no response. In the latter case, the local physician was also called. Two patients had been followed for less than 2 years. Thus, 23 patients were available for full analysis.
NPC treatment was rated as 'successful' when one of the following three conditions was fulfilled All other outcomes were rated 'not successful' even if the patients continued partially successful NPC treatment along with pharmacotherapy. If pharmacotherapy was started, the rating was by definition 'no success' even if there was an improvement concerning the seizures (see case 7).
Results
Of the 23 patients who had been followed for more than 2 years, NPC treatment was successful in 11 (eight seizure free and three improved) and not successful in 12. The relation of the outcome to various factors is shown in Table 2 .
Relation to epilepsy syndromes
Of the 12 patients with IGE, six have remained completely seizure free with NPC treatment for periods extending from 4 to 7 years. One was rated as 'improved'. Case 1, age at entry 20 years, is a female with a history of nine television-induced seizures, all but the first in spite of treatment with valproic acid (VPA). She was treated with sensory protection alone but went into the care of a practising neurologist after 1.5 years. She had another television-induced seizure shortly afterwards and was again prescribed VPA. This did not prevent another two GM seizures, at least one provoked by lack of sleep and excess alcohol. Of her own accord, she stopped pharmacotherapy again, abstained from alcohol and has now been seizure free for 2.5 years.
One patient, with rare absences and one generalized tonic-clonic seizure (GTCS) during her first pregnancy, has been followed for less than 2 years. She had two absences on the day of her delivery but otherwise remained seizure free with a life hygiene program. She is not included in the full analysis because of the short follow-up.
The remaining four IGE patients did not have their seizures controlled by NPC treatment and, as a consequence have accepted drug therapy with VPA in two cases, primidone (PRM) and carbamazepine (CBZ) in one each. Two of them have been seizure free in the last 12 months, the other two have not.
Of the 11 patients with LRE, NPC treatment was fully successful in one, and partially successful in two.
Case 2, a 29-year-old male with a congenital arachnoid cyst, who was operated on at 8 months of age, had 4-6 simple focal seizures at age 26-29, the last three at short intervals in an emotionally stressful phase of his life. A previous attempt at treatment with PRM had failed because he could not tolerate even an initial dose of 62.5 mg. He was prescribed CBZ but, when he was seen again a year later, had not taken it because he found that the stressful situation was over; he had remained seizure free and was introduced to the hygiene program. After an interval of 5 years, he had a single seizure, probably GTC, during sleep, for which no provocation was identified. He decided, however, to remain on the NPC treatment which latterly became increasingly focussed on avoiding and coping with typical stressful situations. He has now remained seizure free for the last 6 years.
Case 3, a 23-year-old female, had ill-described seizures with a somatosensory aura since age five. With phenobarbital (PB) treatment, she had a seizure in stressful situations every 1 to 2 years, and this lack of success made her stop the drug. She was counselled about life hygiene, and to take acetazolamide for 3-5 days in stressful situations. In 5.5 years of follow-up, she had a total of three seizures, no more than with PB. She is rated as partially successful because she still takes no AEDs continuously.
Case 4, a 26-year-old female with post-encephalitic temporal lobe epilepsy has rare seizure events (less than 10 per year) with, however, a tendency to develop clusters of seizures lasting for up to 1 week. High dose CBZ therapy had not had any influence on this situation. Although no seizure-precipitating factors could be identified, she was, according to her wish, taken off continuous medication and prescribed intermittent diazepam treatment after a first seizure. With this regimen, her seizure frequency slightly decreased, and she is content with this relative success. One patient has been followed for less than 2 years and is not included in the statistical analysis.
The remaining seven patients with LRE are now all on AEDs because they went on to have seizures. All are treated with CBZ, four have been seizure free for the last 12 months, but three have not.
The apparent difference in success rates of NPC treatment in IGEs and LREs is not statistically significant.
In the two patients with G/FE, NPC treatment was successful in one, and without success in the other.
Case 5, a 22-year-old female, with GTCS on awaking provoked by sleep withdrawal, generalized spike-wave activity in the EEG, but a focal onset of the last three of a total of six seizures, had given up unsuccessful phenytoin (DPH) treatment and was on homeopathic therapy when first seen. She has now been seizure free for the last 7 years with the life hygiene program which she adheres to with exemplary discipline.
Case 6, a 35-year-old female, had a history of juvenile absences since age 11 followed by grand mal on awaking, recently, however, with focal motor-onset in the left arm. Her EEGs showed generalized spikewaves and right central spikes. After unsuccessful treatments with CBZ, PB, PR, VPA and clonazepam (CLZ), and a total of 94 grand mal seizures, she wanted to try NPC treatment. A postgraduate student of philosophy, it was also a matter of moral importance for her to try to fight and defeat the disease out of her inner resources. Her seizures were typically precipitated by physical overstrain and, to some extent, by disturbances of sleep, and NPC concentrated on detailed analysis of these factors, and attempts to control them. She was not successful and accepted drug therapy again, proved resistant to lamotrigine (LTG) but is now fully controlled with DPH monotherapy at serum levels of more than 7 µg/ml.
Methods of NPC treatment (for definitions see above)
'Seizure arrest' is a NPC treatment which we use to some extent in our centre together with pharmacotherapy. In this study it is used without concomitant drugs in two patients whose seizures start with an aura.
Case 7, a 31-year-old male, has GTC seizures during sleep, and isolated auras in the wake state which he could arrest by starting to move. His auras comprised a pleasant, vaguely sexual sensation, and it took him some time to develop the necessary discipline to counteract them rigourously. As he went on to have GTC seizures in sleep, he consented to take a dose of CBZ which would control these. At present, after 5 years of treatment, he has had no GTC seizures with a CBZ serum level of more than 4 µg/ml, and clusters of isolated auras every 1 to 2 months, all of which he interrupts immediately and successfully. He is, however, rated as 'no success' because he is now treated with drugs.
Case 8, a female with a first grand mal seizure at age 21, was discovered to have been having isolated auras since her early childhood which had increased during the year before the convulsion. Very much opposed to drug treatment, she was treated with seizure arrest. Until now, she has been successful in preventing any other convulsive seizure, and her isolated auras have decreased in frequency. She is, however, not included in the statistical analysis because she has been followed for less than 2 years.
'Sensory protection' was used in all three patients with a diagnosis of reflex epilepsy, all photosensitive. Two of them had only television-induced GTC seizures, one of them even with minimal exposition to the screen. She became seizure free with the use of individually designed polarized glasses, and can watch television again. The second was described above (case 1, partially successful). The third had both televisioninduced and spontaneous seizures, and NPC treatment alone was not sufficient for seizure control. He is now, in addition, on VPA treatment but not yet seizure free.
'Life hygiene' was the NPC treatment most commonly used in this study. It was followed by 16 patients, and in three accompanied by other NPC methods. Of the 15 with sufficient length of follow-up, eight patients had a diagnosis of IGE, and five were successful. Five patients had LRE, and one of them was successful. Two patients had G/FE and one of them was successful (see case 5).
In 14 of the 15 patients treated with life hygiene and available for assessment, one or more non-specific precipitating factors had been identified. These comprised disturbances of the sleep-wake cycle (12 patients), unusual acute or prolonged physical or emotional stress (five patients), and excessive alcohol intake (four patients). Only one of these patients had no identifiable precipitating factors and was unsuccessful with NPC treatment.
'Miscellaneous' methods were used in eight patients, and in five in addition to other NPC treatments (life hygiene). They comprised intermittent use of diazepam or acetazolamide (two patients, in conjunction with life hygiene), relaxation techniques (two patients, in conjunction with life hygiene), homeopathy or psychotherapy (two patients, in conjunction with life hygiene) and calcium (one patient whom a previous doctor had become firmly convinced that her seizures were caused by calcium deficiency). The intermittent use of drugs together with life hygiene was sufficiently successful for the patients to decide against continuous medication although they were not seizure free. All other miscellaneous methods had no recognizable effect.
Severity of seizure disorder
The outcome was related to three measures of the severity of the seizure disorder which could be applied in this cohort: (1) total number of seizures, (2) duration of epilepsy, and (3) the existence of one versus more seizure types.
(1) Total number of seizures: Fourteen patients had had seven or more seizures at entry, and 11 less than seven seizures. Of the successful treatments, six were in the group of few seizures, and five in the group of many seizures. However, of the eight patients with complete control, six belong to the few seizure group. The highest number of GTC seizures in this investigation which was compatible with complete control by NPC treatment was six.
(2) Duration of epilepsy: The history of epilepsy was shorter than 10 years in 13, and 10 years or more in 11 patients; in one it could not be determined.
There are five successful treatments in each of the groups which indicates no influence of duration on the success of NPC treatment. The successful NPC interventions in patients with a long history comprise sensory protection in two patients with pure photosensitivity, and life hygiene in three patients with rare GTC seizures.
(3) Number of seizure types: Fourteen patients had only one seizure type, and NPC treatment was successful in eight. Nine patients had more than one seizure type, and only three of them were successfully treated with NPC methods. This apparent difference is not statistically significant. The electroencephalographic (EEG) findings are shown in Table 3 . Of nine patients with no epileptiform activity (one with non-specific anomalies) NPC treatment was successful in five, and unsuccessful in four. Likewise, six out of 10 patients with generalized epileptiform activity responded to NPC treatment. In contrast, this treatment was unsuccessful in all four patients with focal epileptiform findings (one with additional generalized SW activity). The numbers are too small for statistically significant conclusions but generalized epileptiform activity seems clearly to be no obstacle to successful NPC treatment whereas a hypothesis can be formed that focal epileptiform activity could be a negative predictor of outcome.
Comparison of pharmacotherapy and NPC therapy
The relative effect of pharmacological and NPC treatments in these patients can be compared in two subgroups: patients with previous pharmacotherapy, and those who were later treated with drugs.
Eleven patients had previously been treated with antiepileptic drugs. Seven stopped pharmacotherapy because they were not seizure free, and two because of side effects. Two had successfully been treated at an earlier age but have now relapsed. Of the 11, five reached complete, and three partial seizure control with NPC treatment. It was unsuccessful in only three patients.
In 13 patients, NPC treatment was later replaced by pharmacotherapy. If complete absence of seizures, or the persistence of minor seizures only, are again defined as successful therapy, pharmacotherapy was successful in the last 12 months in six, and failed in seven of these patients.
Thus, NPC compares not unfavourably with pharmacotherapy in this selected group of patients.
Compliance with NPC treatment
The unsuccessful pharmacotherapies discussed in the last paragraph were in some instances clearly caused by non-compliance. NPC treatment, like drug therapy, also requires compliance to be successful. As the reasons for any seizure recurrence were usually discussed in detail with the patients, it was possible to rate noncompliance in most instances.
Non-compliance was the cause of failure (including partial instead of complete success) of NPC treatment in -one of two failures of sensory protection, -one of eight failures of life hygiene, and -none of the failures of seizure arrest and miscellaneous methods.
Thus, non-compliance must be taken into account when failures with NPC treatments are discussed. However, it does not seem to be a major problem in this cohort.
Discussion
The subject of this study is of practical relevance for only a small percentage of patients with epilepsy. This can be clearly seen by the size of the study group collected over 10 years. Beyond this small selection of patients it is of theoretical interest to see that interventions which are most frequently used in conjunction with pharmacotherapy may indeed work as 'monotherapies'. In view of the small cohort which could be collected it is obvious that no parallel control groups could be formed. This is, however, less of a problem than with drug studies where we have, at best, a tentative hypothesis about the mechanism of action. Most of the interventions discussed here relate to-generally and individually-identifiable mechanisms of ictogenesis. When a patient has seizures only provoked by television, shows photosensitivity in the EEG, is taught about protection against, and control of the precipitating stimuli, complies well with the advice given, and stops entirely to have seizures it is perhaps not excessively speculative to assume a relation between the NPC intervention and the outcome. Still, it cannot be ruled out that some of the positive outcomes in our cohort are primarily due to a spontaneously benign course of their disorder rather than the NPC treatment, and a future study with a larger cohort and parallel comparison groups would be very useful.
Our study is in full accord with the literature reporting on seizure arrest 1-4, 17, 18 , on sensory protection [5] [6] [7] [8] , and on life hygiene 1, [13] [14] [15] . It shows that nonpharmacological conservative (NPC) treatment can be successfully used in the treatment of epilepsy even as sole treatment [3] [4] [5] . It must, however, not be used indiscriminately. The patients most likely to profit are: -photosensitive patients with no spontaneous seizures, by sensory protection, and -patients with idiopathic generalized epilepsy who have not had more than six GTC seizures, with no or few concomitant absences, with generalized SW activity or normal EEG, whose seizures were precipitated by factors such as lack of sleep or excessive alcohol intake, and who comply well with a 'hygiene' program aimed at the avoidance of precipitating factors.
Patients less likely to profit include:
-patients with localization-related epilepsies (and focal epileptiform EEGs), unless they are good candidates for seizure arrest,
-patients with more than six convulsive seizures,
-patients with no recognizable precipitating factors, and -patients with multiple seizure types, especially when not all of them are suitable for an NPC intervention (e.g. the sleep-bound seizures of case 7).
As in patients with a first seizure 19 , sensory protection in patients with pure reflex epilepsy, and life hygiene in patients with identifiable and controllable non-specific precipitating factors are both the most rational and most successful NPC approaches. In selected patients, they may be as successful or even more successful than pharmacotherapy.
The possibilities of seizure arrest 2, 17 as sole treatment for epilepsy-as demonstrated by Efron 3, 4 -could not be sufficiently assessed in this group because the only well-suited and promising patient (case 8) has not yet been followed for a sufficient period of time. The other patient so treated has, in fact, gained full control of all seizures in the awake state but is rated 'no success' because pharmacotherapy is required for his sleep-bound GTC seizures.
Miscellaneous, individually tailored treatments may be valuable even if this could not clearly be demonstrated in this group of patients.
A long history of seizures is not per se an obstacle to successful NPC treatments as long as seizure frequency remains low, and no spontaneous seizures develop in a case of reflex epilepsy.
Likewise, generalized epileptiform EEG activity seems not to indicate an unfavourable prognosis if the patient is otherwise a good candidate for NPC treatment. The same may not be true, however, for focal epileptiform discharge.
As a general rule, NPC treatment as sole therapy seems only to be successful in milder forms of epilepsy. However, in patients who are reluctant to take drugs it can be advised even if they have only a small chance to profit from it. Even if they do not have all their seizures controlled, they may reach an acceptable state of seizure control which is not necessarily worse than with AED treatment. Most patients of this study, who decided in favour of NPC treatment out of a prejudice for drugs and failed with it, however, had no problems with accepting AEDs later when they felt they had given an alternative approach a serious try.
In the case that the treatment is successful, however, it is a rewarding experience for the patient to have been able to overcome the disorder with interventions that strengthen the perception of control which is typically challenged by having epilepsy 20 .
